to be examined and also the quantities of collagen and elastin to be measured.
The lungs were cut into thin slices and examined grossly and with a stereomicroscope. Slices of tissue were variously stained (Lillie, 1954) but not embedded. Elastic tissue was stained by the Taenzer-Unna acidorcein method (in absolute ethanol); Van Gieson's picric acid-acid fuchsin mixture was used to stain collagen; and Fraenkel's method of using orcein and indigo-carmine was employed to stain both collagen and elastin in the same slice. All slices were rapidly dehydrated in alcohol and then in ether, and dried in vacuo to prevent collapse. This procedure enabled one to study the structure of the alveoli, alveolar ducts, and respiratory bronchioles as well as to visualize the relationship of the fibres in three dimensions. Preparations extracted with sodium hydroxide provided a more clearly defined fibrous network than did the formalin-vapour preparations.
Thin slices of the alkali-prepared lung tissue were dissected under the stereomicroscope, and the large blood vessels, bronchi, septa, and pleura were removed from the walls of the alveoli, alveolar ducts, and respiratory bronchioles. It was impossible to remove all vessels less than 50 microns in diameter completely, but all non-respiratory bronchioles and all vessels greater than 50 microns in diameter were entirely removed. The final preparations consisted of only the walls of the parenchymal air spaces together with very small vessels. Approximately 200 mg. of this light fluffy material was used for analysis.
Collagen and elastin were measured by the method of Lowry, Gilligan, and Katersky (1941) . Since the entire lung had been exposed to sodium hydroxide solution for several days, the samples were immersed initially in 0-1 N sodium hydroxide solution for only two hours at room temperature. The samples were then neutralized with hydrochloric acid, washed free of chloride, and put in an autoclave in water for six hours at 30 p.s.i. to hydrolyse collagen to gelatin. The insoluble residue was washed with water, and gelatin was recovered from the solution by evaporation. Crude elastin was prepared by treating the residue from the autoclaved sample with 0-1 N sodium hydroxide for 30 min. at 100°C. After washing, the material was dried in a vacuum desiccator. The crude elastin was corrected for impurity on the basis of nitrogen analyses (Dumas) performed in duplicate. The mean difference between the duplicate results was 0-8%.
Elastin from human lungs was assumed to contain the same amount of nitrogen as elastin prepared from the ox neck ligament by the alkaline extraction method. We analysed seven samples of ox elastin and found 17 2±0300 nitrogen, when corrected for ash (0-17%). Gelatin, prepared from ox-tendon collagen by treatment in the autoclave in water for six hours at 30 p.s.i., contained 18-1% nitrogen. Nitrogen analyses determined the mean purity of 10 randomly selected samples of lung gelatin to be 95-4 00 Accordingly, the dry weight of the recovered gelatin has been reported as the figure for lung collagen. The relation between the alveoli and the alveolar ducts was clearly defined in those specimens in which the elastic tissue was stained (see Fig. 1 Figure 4 illustrates the striking disparity between aged and young subjects in respect of the pleura. The ratio of collagen to elastin in the pleura decreased markedly from the young to the old subjects, whereas in the parenchymal samples it was not significantly different between young and old. These data show that the age-related increase in total lung elastin occurs mainly in the pleurae and the septa and not in the respiratory parenchyma. Table II. ' Final residue contained inorganic calcium salts. fibres are disposed in a manner similar to, if not identical with, the elastic fibres, as Orso's (1907) noted. Policard (1955) , on the other hand, described collagen about the alveolar ducts and mouths of the alveoli but held that these fibres were practically absent in the alveolar walls. Electron photomicrographs of the alveolar walls, however, do show frequent collagenous fibres intimately associated with the elastic tissue about the alveoli (Low, 1953) . Reticulin fibres, which are abundant in the walls of the alveoli, are a form of collagen and exhibit the periodicity at approximately 640 A, characteristic of collagen. All the evidence argues that elastic and collagenous fibres are mutually associated throughout the terminal air spaces in the lungs. This close association of collagenous with elastic fibres, and the high ratio of collagen to elastin, do not support the usual description of the mechanics of elasticity in the lung. The common theory is that axial elongation of elastic fibres accounts for the elasticity of the lung, and many experiments have led towards or from that assumption. Elastin has a large range of extensibility, a low modulus of elasticity, and exhibits ideal elastic behaviour (Meyer and Ferri, 1936; Wohlisch, Weitnauer, Gruning, and Rohrbach, 1943 ) without crystallization at any elongation (Hoeve and Flory, 1958) . The total elastic performance of the airfilled lung, however, cannot be accounted for by elastic tissue, although occasionally this has been inferred (Lawton and Joslin, 1951) . Obliteration of the important air-liquid interface by filling the lung with liquid demonstrates that tissue elasticity accounts for only one-fourth to one-third of the total retractive force observed in air-filled lungs. Recent studies on lung tissue elasticity (Radford, 1957; Carton, Clark, Dainauskas, and Barron, 1964) assume that elastic fibres undergo axial elongation as the lung is distended. Sternberg (1925) pointed out that there is no proof that this occurs, and no reason to take it for granted.
RESULTS

DESCRIPTION OF LUNG SPECIMENS
Collagen has a high tensile strength, a short range of extensibility, and a high modulus of elasticity. Since the collagenous and elastic fibres are intimately bound together in a similar course about the alveolar ducts, it does not seem likely that elastic behaviour is the product of axial elongation of the elastic tissue. Were that the case, the collagenous fibres would limit distension of the lungs. Orsos (1907) and von Hayek (1960) described these collagenous fibres as wavy bundles which could be straightened out while the elastic fibres were being extended, and Setnikar (1955) devised a theory to account for such complex tissue elasticity. We made our study in lungs dried in the inflated state and did not observe any curling or waviness of collagenous fibres, but rather the spiral formations already described.
The spiral arrangement of closely associated collagenous and elastic fibres lends itself, however, to another explanation of tissue elasticity of the lung. Wright (1961) and Vincent, Mitchell, Filley, Dart, Harris, Wagner, Petty, and Ryan (1964) mentioned a helical distribution of the elastic fibres about the alveolar ducts. Oderr (1964) emphasized the importance of these helical fibres and noted that the alveoli are radially arranged about the alveolar duct and open as the helix expands. Our observations are similar to those of Oderr. In a structure of this sort, the elasticity would be similar to that of a coiled spring, dependent on shearing stress rather than axial stretch of the fibres. This means that the lung expands by unfolding its structure with the extension of the ductal helices. This uncoiling of the helices produces torsion or twisting in the tissue fibres which leads to elastic performance as the fibres tend to recover from this deformation. The elastic behaviour of the pleura and the septa can also be interpreted as a function of the arrangement, or weave, of the collagenous and elastic fibres. A tissue composed of relatively inextensible fibrous elements may exhibit elastic behaviour. The most familiar example of this is the dermal layer of the skin, composed almost entirely of collagen, and it is also notable that the elastic pleurae in lungs from young patients used in this study contained roughly nine times more collagen than elastin.
Previous studies demonstrate that the collagen content of the whole lung remains constant with advancing age, but that elastin increases significantly (Pierce and Hocott, 1960; Pierce, 1964) . This increase of elastin with age has been confirmed by several other investigators (Briscoe and Loring, 1958; Scarselli, and Repetto, 1959; Wright, Kleinerman, and Zorn, 1960; FitzPatrick and Hospelhorn, 1962) . It has also been shown that emphysematous lungs have normal amounts of collagen and elastin (Pierce, Hocott, and Ebert, 1961) . This study reveals that the ratio of collagen to elastin in the walls of the terminal air spaces remains approximately the same at all ages. Elastin increases with age in the interlobular septa, the pleura, and perhaps in the bronchi and vessels. This distinction will probably affect the understanding of lung tissue elastic performance. Bunting (1939) observed that immobile scars had few elastic fibres but that scars involving the myocardium, pericardium or pleura had numerous elastic fibres. He noted that those fibres in adhesions were parallel to the lines of tension, and proposed that rhythmic stress might stimulate the development of elastic tissue fibres. Dyson and Decker (1958) made a similar suggestion in their study of the characteristic association of elastosis with fluctuating or rhythmic stress. There is no reason to doubt these observations although, to our knowledge, the suggestion has not been confirmed in experimental animals. If, indeed, rhythmic stress promotes the formation of elastic tissue, then one should expect the pleura, the interlobular septa, and the bronchi to accumulate elastic fibres with advancing age, since these structures necessarily transmit and distribute all forces between the chest wall and the lung. And, of course, the pleura undergoes maximal strain (elongation) with motion of the lung.
In the past, elastic tissue has been regarded as the most important structural tissue in the lung because of its elastic properties, its abundance in lung, and its strength. The results of this study lead us to maintain, on the contrary, that collagen is the most important material for maintaining the structural integrity of the lung, since it is present in larger amounts and has greater tensile strength than elastin ; and, further, that the elastic behaviour of lung tissue results from secondary and tertiary structural considerations and not from the axial elongation of fibrous elements.
It has been observed recently that enlarged air spaces and destruction of septa resembling, in all ways, the pathological changes described in pulmonary emphysema appear in the lungs of most elderly men (Snider, Brody, and Doctor, 1962; Azcuy, Anderson, and Foraker, 1962; Thurlbeck, 1963; and Wyatt, Fischer, and Sweet, 1964) . Our study also demonstrates that these lesions are found more commonly in men than in women, and that they increase in prevalence with increasing age. The presence of these lesions implies that the fibrous network of the lung disintegrates with advancing age. Why the structure of the lung is commonly altered in old age in spite of the great strength lent to it by the collagen network is at present a mystery.
SUMMARY
The fibrous network of the lung was studied in 36 lungs from subjects free of symptoms of respiratory disease. 
